I. Introduction
In a previous paper (AOYAMA, 1985) , the author has described the geographical dis tribution of weather divide and the synoptic conditions for its occurrence in Tirol. The precipitation distribution maps were, taking the occurrence of weather divide into con sideration, classified into four distribution patterns. Weather situation, wind aloft, con vective instability and condensation level for each precipitation distribution pattern were analysed in order to show the synoptic condi tions of the weather divide occurrence. In that study, it was pointed out that each pre cipitation pattern, and also the weather divide, occur under the characteristic meteorological conditions and the location of the maximum frequency of the weather divide varies with both the components of meterological and orographic conditions.
Regarding the precipitation distribution in the Alps region, FLIRI (1974a FLIRI ( ., 1982 FLIRI ( , 1983 (1967, 1969, 1974b basic patterns. The seasonal frequency of these types are shown in Table 1 . KAWAMURA (1961 KAWAMURA ( , 1964 studied the synoptic climatology of winter monsoon in Japan on the basis of the percentage frequency of days with daily precipitation more than 5mm. In these studies, he showed a detailed weather distribution and the topographic influence under various airflow patterns. In order to obtain the distribution patterns of precipita tion and topographic effects in Tirol, the occur rence frequency of the daily precipitation amount above 10mm/day were counted by setting 10km/10km grids over the study area. Namely, the frequency is the number of times when the portion with the precipitation above 10 mm/day occupies over a half of given grid. The distributions of these frequency were made for the four respective precipitation patterns and their geographical distributions are shown in Figures 2, 3 , 4 and 5.
Type I is the distribution pattern that can be called the north blocked (by the mountain) type 1) as shown in Figure 2 . This type is sub divided into two basic types of Ia and Ib. Type Ia has the typical feature of the north blocked type. Type Ib has almost the same feature but with irregular isohyets pattern, especial ly in the southern side of the main watershed.
Type I occurs at a frequency of 32% among all cases and no distinct seasonal change is re cognized. The occurrence of Type Ia, how ever, shows a seasonal change with the maxi mum frequency (32% of this type) in winter (December-February) and minimum (21%) in summer (June-August). Type II is the distribution pattern that can be considered to be the mixed or transitional pattern between Type I and III as shown in Figure 3 . This type occurs at a frequency of 11% of all cases and mainly in summer, spring and autumn.
Type III is the distribution pattern ( Figure  4) feature of precipitation distribution under the condition of the strong south-Fohn as indicated by FLIRI (1983) , this type can also be called Fohn type. Type IIIb bears the same feature on the whole but the rain area reaches the northern side of the Alps with an irregular isohyet pattern.
Type III appears at a frequency of 19% and has the relatively high frequency in spring (March-May) and autumn (September-Nov ember).
Type IV is the pattern that can be called the whole-area rain type as shown in Figure 5 . This type is subdivided into three types, IVa, IVb and IVc, according to the running direc tion of isohyets. Type IVa has the isohyets running in the direction of SW-NE, Type IVb S-N and Type IVc W-E, respectively. Type IV occurs the most frequently (38%) in all cases and the occurrences concentrate in summer at a frequency of 66% of this type .
These patterns mentioned above suggest the remarkable effects of topography , for instance, the blocked and the rain shadow effect . In the case of Type I and Type III, these oro graphic effects are prominent. In the case of Type IV, the remarkable effects can also be recognized. That is, the precipitation distri bution of Type IV is frequently accompanied with a rain band; the rain bands have a tend ency to occur at fixed locations .
The above defined precipitation days show the clear seasonal change in the occurrence frequency; the maximum frequency (41%) in summer and the minimum frequency (13%) in winter. Moreover, each precipitation distribu tion pattern shows also the characteristic seasonal change of occurrences. The north blocked type (Type I) tend to occur in winter , the south blocked type or the Fohn type (Type III) in spring and autumn and the whole-area rain type (Type IV) in summer.
III.
Synoptic conditions for each precipitation distribution pattern
In the previous paper (AOYAMA, 1985) , the wind aloft and stability in the lower layer at Munchen and the weather situation by the modified LAUSCHER's scheme2), which was re ported by FLIRI (1962) , have been examined in order to clarify the synoptic conditions for the occurrence of weather divide. In this chapter the synoptic conditions for each pre cipitation pattern will be reexamined on the bases of the aerological data collected at Payerne in Switzerland and the classification of weather situations by SCHUEPP and HAFELIN (1956, 1957) . 1) Weather situation The frequency of weather situations based on the SCHUEPP'S scheme for each precipitation pattern were obtained from "Wetterlagen and Fronten im Jahr 1956 , 1957 " by SCHUEPP and HAFELIN (1956 , 1957 . The frequency of weather situations which are related to the occurrences of each precipitation pattern are shown in Table 2 .
Types I and III of precipitation pattern In the case of Type II, the feature of fre quency distribution is almost the same as Type I but the mode of frequency tends to shift towards the west.
3) Convective instability In the previous papers (AOYAMA, 1984 (AOYAMA, , 1985 , it was shown that the stability of the lower layer in the troposphere is an important com ponent causing the occurrence of the precipita tion distribution pattern. In order to re examine this, the convective instability in the lower layer were calculated from the data collected at Payerne (ACKERMANN, 1956 (ACKERMANN, , 1957 ; the convective instability were obtained as the difference between the potential equivalent temperature at the levels of 500mb and 850 mb. The frequency distributions of the con vective instability are made for each precipita tion pattern by the same method as the wind direction (Table 4) .
Although the maximum frequency of the convective instability for respective precipita tion patterns fall into the class interval of 3K -9K , the ranges of these frequency are dif ferent from each other as in Table 4 The synoptic conditions for the occurrence of each precipitation distribution pattern were examined by mean of the weather situation, wind direction aloft and convective instability. As a result, it was found that the respective precipitation distribution patterns occur under the characterristic synoptic conditions. Type I and III, which show the remarkable blocked and rain shadow effects, occur under the condition of relatively stable air layer than that for type IV; stratification of air layer on the occasion of Type I are more stable than that of Type III. The same result has already been revealed in the studies for Kanto district in Japan and for Titol (AOYAMA, 1984 (AOYAMA, , 1985 . Be tween Type I and Type III, however, weather situation and wind direction aloft are quite different. Type I occurs under the weather situations of the "Stan, Westerly winds and Bise" with wind directions of NW quadrant at the 500mb level. On the contrary, Type III occurs under the weather situation of "Fohn" with wind directions S , SSW and SW at the 500mb level. According to the classi fication of weather situation based on the LAUSCHER's scheme, Type III prevails under the weather situation of "Low pressure margin situation". This suggests that these southerly winds have the properties of cyclonic flow.
Type IV which is frequently accompanied with rain bands occurs under the condition of the most unstable layer and the weather situation of "Indeterminate upper flow". Ac cording to the LAUSCHER's scheme, this type tends to occur under the weather situation of "low pressure margin situation" or "low pres sure situation". On the occasion of Types IVa, IVc and II, in which the rain area spreads over both sides of the main mountain chain, winds at 500 mb level blow from the intermediate directions, W and WSW, between Types I and III under relatively unstable condition. Type IVb, however, occurs under the similar con dition to that for type III; this occurs under the southerlies with cyclonic properties.
IV. Orographic effects on precipitation distribution FLOHN (1954). investigated the topographic effects on weather distribution in central
Europe under the various weather situations and showed the geographical distribution of blocked and Fohn-region by southwesterlies and by northwesterlies. WACNER (1964) studied precipitation distribution in Baden-Wurtem berg, Germany, and showed the regional dis tributins of blocked and lee-effect under the various weather situations.
From the four patterns of precipitation dis tributions, three kinds of orographic effects were suggested as described previously. These effects are blocked effect, rain shadow effect and the effect to make the rain band. Blocked and rain shadow effects are conspicuous in Types I and III. The rain band becomes clear in the case of Types IV and III as well. In the following, the geographical distribution of these orographic effects will be examined. 1) Blocked and rain shadow effects in Type I and Type III In the case of precipitation distribution patterns of Types I and III, the clear weather divide which was defined by the isohyet of 1mm/day appears along the main watershed in the study area as shown in Figures 6 and  9 (AOYAMA, 1985) . In the case of Type I, the weather divide indicates the southern limit and in the case of Type III, it indicates the northern limit of the weather with precipita tion above 1mm/day. Although these weather divides can be considered to be showing a re latively strong rain shadow effect, this must begin to operate from far windward mountains. Here, blocked and rain shadow effects were defined by the gradient of the frequency of precipitation amount above 10mm/day along the prevailing wind direction. Namely, the increase and the decrease of precipitation fre quency in the direction of upper wind were considered as the blocked and the rain shadow weather divide is defined by the isohyet of 1mm/day. contour interval is 10% and pattern of hatch indicates occurrence frequency above 10%.
effect respectively. In order to show the geo graphical distribution of blocked and rain shadow effects, the differences of precipitation frequency between adjacent grids are made from the same data as shown in Figure 2 and Figure 4 ; the meridional and tonal components of these differences per 10km distance are evaluated and the geographical distribution are shown in Figure 7 (a), (b) and Figure 10 (a), (b). On the basis of these maps which de demonstrate the difference of frequency or, in other words, frequency gradient regional classification were made for Type I (Figure 8 ) and Type III (Figure 11) . A) Type I In the case of Type I, the weather divide runs along the watershed of the main mountain chain, Zillertal Alps, Otztal Alps and Ratisch Alps (Figure 6 ). In the region of the southern side of this weather divide, the weather without precipitation due to the rain shadow effect predominates in Type I.
As shown in Figure 7 (a), the precipitation frequency increases from north to south in the north of and from south to north in the south of Nordtirol Kalkalps. On the other hand, the frequency from west to east increases in the western end of the study area, Vorarlberg, and decreases eastward (Figure 7(b) ). In this case, since the prevailing winds blow from the north west quadrant, N, NNW, NW, WNW and W, the increase and the decrease of these com ponents of frequency differences indicate the blocked and the rain shadow effects as de fined above, respectively. The isoline of zero demonstrates border line between the blocked effect and rainshadow effect regions.
From these maps of weather divide and the orographic effects, regional classification was made for Type I as shown in Figure 8 . The southern limit of the region where the blocked effect can be recognized lies along a line just over the northern watershed of Nordtirol Kalkalps in the eastern part and further wind ward of the watershed in the western part of the study area. In the drainage basin of River Inn in Tirol, conspicuous rain shadow effect can be recognized. In Vorarlberg, the western end of the study area, rain shadow effect prevails in northerlies and blocked effect in westerlies.
The line of the maximum orographic effects which were defined as the maximum gradient of precipitation frequency runs zonally along the southern ridges of the Nordtirol Kalkalps in the eastern part and meridionally almost along the border between Vorarlberg and Tirol. B) Type III In the case of Type III, the weather divide tends to run on the slight leeward of the watershed of the main mountain chain (Figure 9 ). On the northern side of this weather divide, there is no precipitation.
The distribution of meridional and zonal components of frequency gradients are shown in Figure 10(a), (b) . Since the prevailing winds blow from the SW, SSW and S, the blocked and rain shadow effect can be de fined by the meridional component of frequency gradient. In this case, the increase and the decrease of the precipitation frequency from south to north is defined as the blocked and the rain shadow effects, respectively.
On the basis of these maps, regional division Same as in Figure 8 , except in the case of Type III.
was made as shown in Figure  11 . On the windward region of the weather divide, re markable topographic control can be recog nized; the rain shadow effect is prevalent, on the whole. 2) Formation of rain band Band like structure of precipitation distri bution appears frequently in the cases of Types IV and III. In particular, rain band becomes clear on the occasion of heavy rain and has a tendency to occur at fixed locations. This suggests the orographic influence on the forma tion of the rain band as pointed out by AOYAMA (1984) . In order to examine this orographic effect, twenty three cases of heavy rain days were selected in the years of 1948 to 1957 on the basis of the same data described before. The heavy rain day was defined as the days in which the precipitation above 100mm/day were observed in the study area. These pre cipitation distribution maps were classified into four types, Types I, II, III and IV. For Types III and IV, the geographical frequency distributions of precipitation above 50mm were made by setting the same grids described before. In Figure 12 , the frequency of pre cipitation above 50 mm/day and the axes of rain bands are shown.
On the whole, the feature of frequency dis tribution is almost the same as that of Type IV. However, band structure of frequency dis tribution running meridionally along the valleys of Etschtal and Wipptal is a very conspicuous character.
The axes of the rain bands also tend to concentrate in these valleys and to coincide with this maximum frequency.
In particular, the axes of rain bands tend to begin on the western slopes of the Etschtal and Passeiertal, or the eastern slopes of the Ortler group, Otztal Alps and Stubai Alps in other words, and run toward the NE along the direction of upper prevailing winds which blow along the direction of the valley.
On the basis of the geographical distribu tions of occurrence frequency of precipitation, the orographic effects were examined.
In Type I, the northern side of the Nordtirol Kalkalps makes the border between the blocked and the rain shadow effect and the line of the southern ridges overlap with that of the maxi mum rain shadow effect. In the case of Type III, the rain shadow effect prevail over almost the whole region except the windward slopes of Sarntal Alps and in front of the Etschtal . This suggests that the prevailing winds blow up along the Etschtal and are blocked by these slopes.
The band like structure of precipitation dis tribution tends to occur frequently at fixed 
V. Conclusion
The meteorological conditions accounting for the occurrence of the precipitation distribution pattern and the orographic effects were ex amined on the bases of the daily precipitation maps in Tirol.
The distribution of the precipitation amount were classified into four main types. These are the north blocked type (Type I), the south blocked type (Type III), the transitional type (Type II) between Type I and Type III and the whole-area rain type (Type IV). Ap parently, the orographic effects can be re cognized through these precipitation patterns. That is, the blocked effect and rain shadow effect are clearly shown in Type I and Type III. In addition to these effects, the oro graphic rain bands appear frequently in Type IV and also in Type III.
These types of rain pattern occur under the characteristic synoptic conditions. Type I occurs in the convectively stable stratifica tion under the upper wind direction of IOW quadrant. Type III occurs in intermediate stability between those in Types I and IV and wind aloft is southwesterly or southerly. Type IV appears under the condition of the most unstable stratification and the wind aloft is the direction of WSW or W in the cases of Types IVa and IVc and SSW in Type IVb. These results demonstrate that the blocked and the rain shadow effects become signi ficant and the rain area is blocked by the main watershed in the relatively stable stratifica tion under the upper wind direction of the large north or south component. It was also pointed out that the effect to make orographic rain band become clear under the unstable condition.
The geographical distribution of the blocked and rain shadow effects were investigated on the basis of the precipitation frequency of Type I and Type III. The results are shown in Figure 8 and 11. In the case of Type I, the blocked effect is conspicuous on the northern slopes and the rain shadow effect predominates on the southernside of the northern Alps. In the case of Type III, the rain shadow effect dominates in the southern side of the main watershed of this study area except on the windward slopes of Sarntal Alps and Etschtal. This suggests the prevailing southerlies go up along the Etschtal and are blocked here.
The band like structure of precipitation distribution are frequently recognized in Types III and IV. The axes of the rain band and the precipitation frequency above 50mm/day are indicated in Figure 12 . The axes con centrate in the region along the valley of Etschtal and Wipptal; they begin to form on the western slopes of Etschtal and Passeiertal and run toward the NE along the direction of prevailing wind aloft.
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(Received May 27, 1985) (Accepted August 14, 1985) Notes 1) This blocked type represents "Stan Type" in German. "Stan" effect refers to one of the wind ward effects of orography. 2) The original classification of weather situations was presented by LAUSCHER (1954). 3) A wind which is called "Bise" blows from north or northeast in the Alps region of France and Switzerland. It is defined here as weather situa tion of easterly at the surface and the upper level. 4) The English expression of these weather situa tions follows BARRY and PERRY (1973) .
